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@ Process for production of self-crimping polyester yarn,

@ Polyester polymer is extruded at different speeds

‘through paraliel closely spaced orifices (20, 22) at relatively

high spinning speeds. The resulting filament has high and low
shrinkage regions substantially regularly spaced apart along
its length. A yarn including a number of these filaments spon-
taneously develops crimps when relaxed.
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1
PROCESS FOR PRODUCTION OF SELF-CRIMPING POLYESTER YARN
~ The invention relates to the art of producing a
polyester filament with high and low shrinkage regions along

its length, such that a yarn including a number of these

filaments spontaneously develops crimp when relaxed.

' Japanese patent publication number 22339/1967
discloses extruding at low spinning speeds various polymers
through combined orifices, each combined orifice including

a large diameter central capillary and two or more small
diameter satellite capillaries, the lengths of the various
éapillé:ric_as being unspecified. The spun yarns are then
dravn under unspecified conditions 0 yield drawn filaments
having.cross—secti-onal shapes whicH vary contimiously and
cyclically along the length of each filament. When attemi)ts )
were made to duplicate the teachings of this reference with® '

polyester polymer, yarn drawvn at normal draw ratios and

relaxed while being heated exhibited a small amount of crimp,
but not to a useful degree. When the draw ratio is reduced
experiﬁentally t0 an unusval ratio, the crimp level in the
relaxéd yarn increases to a marginally useful level. However,
facrics made from either of these yarns have a harsh hand.

Japanese patent publication 42,41 5/1979 discloses

. spinning two polyester streams through a spimmeret with

converging capillaries wherein the streams intersect in mid-
air (below the spinneret) o form & combined stream. One of
the streams has a higher speed than the other, and an
oscillation occurs in the molten stream such that the combined
stream, when quenched into a filament, exhibits thick and thin
regions along its length. VWhen a number of ‘bhese filaments
are combined into a yarn and relaxed, a highly useful degree
of c¢rimp is obtained, and fabrics made from the yarn have an
uwnusual soft, luxuriant hand. However, reproducibly manufacturing
the spinnerets with converging capillaries is quite difficult.

- According to the invention, these and other
difficulties of the prior art are reduced or avoided by the
process disclosed below. 7 A
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DEFINITIONS AND TEST METHODS

"Polyester" as used herein means those polymers
of fiber-~forming molecular weight composed of at least 85%
by weight of an ester or esters of one or more dihydric
alcohols and terephthalic acid.

‘ The term "fully drawn denier" as used herein means
the denier the filament would have if drawn at 50 meters per
minute in contact with a 50 cm hot shoe heated to 2
temperature of 90°C, with the draw ratio selected to give
an elongation-to~break of 35%. ' o

The shrinkage profile (and 5 cm shrinkages) are
determined by separating from the yarn bundle a single
filament 2.5 meters long, care being taken not to stretch
the filament,' The filament is then cut into consecutive
éeria.lly numbered 5 cm samples or segments, which are then °*
placed while unrestrained in boiling water for 30 seconds.

The length of each segment is then measured, and its shr nkage
as a percentage of the original 5 cm length is calculated.

For example, if a segment has a length of 4.2 cm after the
treatment with boiling water, its shrinkage would be 16%.

The percentage shrinkages, when plotted in serial number order,
provides a profile of shrinkage variation along the filament.

In contrast to the above 5 cm shrinkage test of
individual filaments, yarn properties are determined in the
following mamner., The yarn is conditioned for at least one
hour in an atmosphere of 22°C and 65% relative humidity. If
the yarn is wound on a package, at least 100 meters are

stripped off and discarded. The yarn is skeined under a
tension of 0.035 grams per denier on a Suter denier reel oxr
equivalent device having a perimeter of 1.125 meters per
revolution to a total skein denier of approximately (bu'b
not to exceed) 8000, and the ends are tied. For example,
for a 170 denier.yarn, 23 revolutions would give a skein
denier of 8160, In this instance, 23 revolutions would be
used, The skein is removed from the denier reel and suspended

‘from a 1.27 cm diameter round bar. . A 1000 gram weight is
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: 3
gently lowered until the weight is suspended from the bottom

of the skein by a bentna1 paper clip or eguivalent piece
of wire weighing less than 1 gram., After 30 seconds, the

skein length is measured to the nearest 0.1 cm, the measured

-length being recorded as LO. The 1000 gm weight is then

réplaced with a 20 gm weight, and the rod with the suspended
skein and 20 gn weight are placed in a 120°C oven for 5 minutes.
The rod with the suspended skein and 20 gm weight is removed
from the oven and conditioned for 1 minute at 22°C and 65%
relative humidity, after which the skein length L1 is
determined to the nearest 0.1 cm. The 20 gn weight is then
carefully replaced by the 170700 gm weight., Thirty secondé after
the 1000 gm weight has been applied, the skein length L2 is
determined to the nearest 0.1 cm. The percentage crimp is
then calculated as . ' ' ’ .

Ly = Iy 5 100,

I’2

while the percentage yarn shrinkage is calculated as

Lo = Lo % 100

Lo

Occasionally fhe filaments in a skein will be so
highly entangled that, when the 20 gm weight is replaced by
the 1000 gm weight, the length L, is sbout the same as L.,
even though the skein obviously has not had its crimp pulled
out, In such a case, .the 1>QOO gn weight may be gently jarred
wntil the weight falls and removes the crimp.

To characterize a yarn, 100 samples are tested by
the procedures in this paragraph, the highest 10 and lowest
10 values being discarded and the remainder averaged to arrive

at crinip and shrinkage values for the yarn.

DESCRIPTION OF THE INVENTION

‘According to a first major aspect of the invention,
there is provided a process for forming a yarn, comprising
generating a bundle comprising a plurality of polyester filaments
having shrinkage peaks .a.nd valleys out of phase from filament
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to filament, at least one of the plurality of filaments being

generated by the steps comprising extruding from substantially
parallel gpinneret capillaries at least first and second molten
streams of polyester polymer of fiber—forming molecular weight,
the first stream having a greater velocity than the second
s*b:feam and being spaced laterally from the second stream

a small distance selected such that the first and second

. streams unite into a combined stream having thick and thin

regions; attenuating and quenching the combined stream into
the one filament; and withdrawing the one filament from the
combined stream at a given spinning speed, the spinning speed
and the velocities and lateral.spacing upon extrusion of the
first and second streams being selected such that the shrinkage
peaks and valleys along the one filament are substantially
regularly spaced. According to another aspect of the invention,
the one filament has an average fully drawn denier less than 6.
According to another aspect of the invention, the first stream
is larger than the second stream. According to another aspect of
the invention, the first stream has a velocity between 2 and 7
times as fast as the second stream. 7

According to a second major aspect of the inirention,
there is provided a process for forming a yarn, comprising generating
a bundle comprising a plurality of polyester filaments having
shrinkage peaks and valleys out of phase from i‘ilament to filament,
at least one of the plurality of filaments being generate'd by the
stepé comprising extruding from substantially parallel spinmeret
capillaries at least first and second molten streams of
polyester polymer of fiber-forming molecular weight, the first
stream having a greater velocity than the second stream and being
spaced laterally from the second stream a small distance selected
such that the first and second streams unite below the spinneret
into a combined stream having thick and thin regions; attenuating
and gquenching the combined stream into the one :E‘ilament; and
withdrawing the one filament from the combined stream at a given
spinning speed, the spinning speed and the velocities and

lateral spacing upon extrusion of the first and second streams
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being selected such that the one filament has per 5 meters along

its length an average of at least two regions possessing shrinkage
peaks having at least two consecutive 5 cm shrinkages above 40%,
and regions possessing shrinkage valleys between the peaks, the

valleys having at least two consecutive 5 cm shrinkages below

20%. According to another aspect of the invention, the one
filament has an 'average- fully drawn denier less than 6. According
to another aspect of the invention, the first stream is larger
than the second stream. According to another aspect of

the invention, the first stream has a velocity between 2 and 7
times as fast as the second stream.

According to a third major aspect of the inventiron,
there is provided a process for forming a yarn, comprising
generating a bundle comprising a plurality of polyester filaments -
having shrinkage peaks and valleys out of phase from filament to
:Etilament, at least one of the plurality of filaments being
generated by the steps comprising extrudiﬁg from substantially
parallel spinneret capillaries at least first and second molten
sub-streams of polyester polymer of fiber-forming molecular Welgh‘b,
the first sub-stream having a greater velocity than the second

sub-stream and being spaced laterally from the second sub-stresm
a small distance selected such that the first and second sub-
streams unite below the spimmeret into a combined stream having
thick and thin regions; attenuating and quenching the combined
stream into the one filament; and withdrawing the one filament"
from the combined stream at a given spinning speed, the spinning

speed and the velocities ‘and lateral spacing upon extmsion of

" the first and second sub-streams being selected such that the yarn

has a crimp-to-shrinkage ratio above 0.25. According to another
aspect of the invention, the one filament has an average fully
drawn denier less than 6. According to amother aspect of the
invention, the first stream is larger than the second stream.
According to another aspect of the invention, the first stream
has a velocity between 2 and 7 times as fast as the second stream.

Acbording to a fourth ma,jdr aspect of the invention,
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there is provided a process for forming a yarn, comprising
generating a bundle comprising a plurality of polyester
filaments having shrinkage peaks and valleys out of phase

from filament to filament, at least one of the plurality of
filaments being generated by the steps comprising extruding
from substantially parallel spinneret capillaries at least
first and second molten streams of polyester polymer of fiber-~
forming molecular wd. ght, the first stream having a greater
velocity than the second stream and being spaced laterally
from the second stream a small distance selected such 'l;hat— )
the first and second streams unite below the spinneret into a
combined stream having thick and thin regions; attenuating and
quenching the combined stream into the one filament; and
withdrawing the one filament from the combined stream at a given
spimming speed, the spinning speed and the veldcities and .
latersl spacing upon extrusion of the first and second streams
b'eing selected such that the yarn has a cxrimp of at least 2. 5%,
According to another aspect of the invention, the one filament
has an average fully drawn denier less than 6. According to

another aspect of the invention, the first stream is larger

- than the second stream. According to another aspect of the

invention, the first stream has a velocity between 2 and 7
times as fast as the second stream. According to another
aspect of the invention, the yarn has a crimp of at least 5%.

Other aspects of the invention will in part appear
hereinafter and will in pa:c‘é be obvious from the following
detailed description taken together with the accompanying
drawings, wherein: :

FIGURE 1 is a plan view of a portion of the lower
or extrusion face of an exemplary type of spimmeret usable in
the process of the invention;

FIGURE 2 is a schematic side view of the moliten streams
just below the face of the FIGURE 1 spinneret, and

FIGURES 3-6 are graphs of shrinkage profiles of

various filaments, as will be set forth below,
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As shown in FIGURES 1 and 2, polyester polymer is
melt spun through substantially parallel capillaries 20
and 22 in spinneret 24 to provide at least two molten sub-
streams, one of which has a higher velocity than the other.
The capillaries are spaced laterally a small distance |
selected such that the sub-streams unite below the spinneret:
into a combined stream having thick and thin regions. For '
example, in the preferred embodiment, capillary 20 may.have
a diame'&er of 0.305 mm while sa‘bellité'capillaries 22 have .
diameters of 0.203 mn the centers of capillaries 22 being
0.356 mn from the center of and located on opposite sides
of capillary 20, all capillaries being 0.3%05 mm in length.
Capillary 20 and its associa’cedrsatellite capillaries 22
cooperate as a combined orifice for spimming a single filament,
schematically shown in FIGURE 2. Ordinarily, a plurality of -
combined orifices will be provided in a single spinneret g0 '
that the resulfing multifilament yarn comprises more than
one of thé filaments according to the invention.

It is essential that one of the sub-streams has
a higher velocity than é,t least one other of the sub-gtreams
vhich unite to form a combined stream. FIGURE 2 illustra‘bes
gualitatively the resulting action of the molten sub-streams
immediately below the spinneret specifically descri'bed above,
Since all the capillaries in this instance are the same length,
the sub-stream issuing from capillary 20 has a higher veldcif.‘y "
upon extrusion than the sub-streams issuing from capillaries 22.
The center substream éccordingly alternately strikes and bonds
to one of the outer sub-streams, then buckles and strikes and
bonds to the other of the outer sub-streams. The combihed‘
stream thus rformed is attenuated and the various sub-streams
unite side-by-side to form a stream having thick and thin
regions along its length. This stream is quenched as it is
accelerated to the spimming speed, ie, the speed at which the
filament travels immediately after solidificatiox;. The resulting 7

filament has properties uniquely determined by spinning speed.r
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EXAVPLE 1

This is an example within the teachings of Exauple 3
of Japanese patent publication 22339/1967 + A spinmeret having
34 combined orifices is provided, each combined orifice being
constituted by a central capillaa:'y having a diameter of 0.300 mm
and three satellite capillaries having diameters of 0.200 mm,
The satellite capillaries are equally spaced apart around the
central capillary with their centers 0.400 mm from the center
of the central capillary, and all capillaries have a length of
0.305 mm. Polyester polymer of normal molecular weight for
apparel yarns is spun through the spinnére'b at a melt
temperature of SOOOC, at a rate of 73.5 grams per minute. The

" combined streams are conventionally quenched by transversely

directed air into filaments at a spinning speed of 400 meters
per minute and wound on a package. , E .

- The spun yarn is then conventionally drawn over
a hot shoe heated to 90°C at a draw ratio of 4.0 to yield
a drawn yarn having a denier of 416, 33% elongation—to-
break, tenacity of 2.7 grams per denier, shrinkage of 13.4%
and crimp of 1.2%. The denier per filament is about 12, and -
fabric made from the yarn has poor cover and a harsh hand.
Generally speaking, crimp is a desirable property while
shrinkage is undesirable. The crimp-to-shrinkage ratio is
thus a measure of the general desirability of the yarn. This
low level of crimp, and the low value of the crimp-to- shrinkage
ratio, makes the yarn far less valuable than yarns made
according to the presént invention.

The shrinkage profile along a filament from the drawn

yarn has the random character generally depicted in FIGURE 3,
While successive sample numbers 42 and 43 in FIGURE 3 have
shrinkages above 40%, this is not common in yarns spun at the
low speeds of this example.
EXAMPLE 2 ,
The spun- yarn in Example 1 is similarly drawn at a
draw ratio of 3,2 to produce a drawn yarn having a denier of
515, elongation of 42%, tenacity of 1.6 grams per denier,
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shrinkage of 16.1%, and a crimp of 3.0%. Thé denier per
filament is about 15, and fabric made from the yarn also has
pooxr cover and a harsh hand, as in Example 1, While the crimp
level is marginally useful, the undesirably low crimp-to-
shrinkage ratio makes the yarn undesirable for many end uses.,
The -shrinkage profile is again similar to FIGURE 3.
EXAWPIE 3

Example 1 is repéated except that the spinneret is
repléced with the preferi'ed embodiment of the FIGURE 1
spinneret there being 34 combined orifices, The spun yarn
is hot-drawn at a draw ratio -of 2.80 to yield a drawn denier. of
565, an elongation of 102%, tenacity of 1.85, shrinkage of 22%,
and a crimp of 1.8%. FIGURE 3 is an actual shrinkage profile
of a filament produced according to this example. Fabric made
from ‘l;his yarn has very poor cover and a quite harsh hand.,

LY

When using any of the spimmerets referred to above,

random occurrence of shrinkage peaks of random amplitude and .

valleys along the length of the filaments is inherent when
spimming at low speeds. As the spinning speed is increased above
some level, a degree of regularity is achieved which is
advantageous for various end uses . The spiming speed at which
the almost wholly random character of the shrinkage profile

changes to discernible regularity depends on spinneret design,

, poiymer throughput rate, spun dénier-per-filament, quenching

conditions, anl other similar parameters, and can readily be
determined by simply increasing the spimming speed until the
shrinkage profile displays substantial reguiari’cy. With the
above spimmerets, ordinarily regularity becomes apparent in the
vicinity of 1500-2500 meters per minute. With this particular
spinneret, regularity begins to be apparent at about 2000 ypm .
(about 1800 mpm) as spinning speed is increased. The degree of
crimp and the crimp-to-shrinkage ratio also ordinarily increase
substantially at spimming speeds far above the 400 meters per
minute suggested in Japanese patent pu'blication 22339/1967, as
illusti‘atéd in the following examples, |
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EXAMPIE 4 ,

Polyester polymer is melt spun at 30000 from the above
preferred embodiment of the FIGURE 1 spimmeret at a spinning '
speed of %800 ypm (about 3420 meters per minute), the polymer
rate being selected such that the resulting yarn has an
average denier per filament (dpf) of 4.1. The shrinkage
profile for a filament from this yarn is illustrated in
FIGURE 4. In contrast to the random pattern characteristic
of slow speed spimming, the FIGURE 4 filament has a pattern
of quite regularly recurring broad shrinkage peaks alternating
with broad shrinkage valleys. The yarn has a shrinkage of
32,.9% and a crimp ‘of 15.5% for a crimp-to-ghrinkage ratio of -
0.47. The yarn is particularly suited for being draw-textured
using a friction aggregate, downstream of the primary heater,
for applying false twist, the d:cav‘f ratio and aggregate speea.
being selected such that the filaments are broken in or after
the aggregate to yield a spun-like yarn with broken filaments
protruding from the yarn. The regularity of recurrence of

the high and low shrinkage regions permits better control of

fhe number of broken filaments per meter of yarn by selection
of the draw-texturing process conditions. The breadth of the
shi-inkage peaks and valleys also contribute in this regard.
By breadth is meant that at least two comsecutive 5 cm shrinkages
along an individual filament are above 40%, in the case of a
shrinkage peak, or are below 20% in the case of a shrinkage valley.
EXAMPLE 5 : o _

Example 4 is repeated except that the spinning speed
is increased to 5000 yards per minute (about 4500 meters per
minute), and the polymer throughput is adjusted to provide an
average of 3.2 denier per filament in the resulting yarn. The
yarn has a crimp of 4.4% and a shrinkage of 9.7%, to give a
crimp-to-shrinkage ratio of 0.45., Figures 5 and 6 are shrinkage
profiles of two filaments from the same yarn, and illustrate the
substantial reguiarity of occurrence of the shrinkage peaks
and valleys. These figures also illustrate that the shrinkage
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peaks and valleys are out of phase from filament to filament, and
indeed have somewhat different repetition rates. Since the
yarn was spun at high speed, it is sufficiently highly oriented
to be capable of direct use in i‘abric,s, giving an unusually
soft hand and excellent cover, as compared to a i
conventionally textured yarn of equal number of filaments

and equal denier per filament,
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CLAIMS:
1. A process for forming a yarn, comprising generating a
bundle comprising a plurality of polyester filaments having
shrinkage peaks and valleys out of phase from filament to
filament, at least one of said plurality of filaments being
generated by the steps comprising:
2. extruding from substantially parallel
spinneret capillaries at least first
and second molten streams of- polyester
polymer of fiber-forming molecular weight,
said first stream having a greater velocity
than said second stream and being spaced .
.laterally from said second stream a small
distance selected such that said. first and’
second streams unite below said spinneret*
into a combined stream having thick and thin
regions;
b. attenuating and quenching éaid combined stream
into said one filament; and
C. withdraving said one filament from said
| combined stream at a given spimming speed,
said spinning speed and thg velocities and
lateral spacing upon extrusion of said first
and second etreams being selected such that
said shrinkage peaks and valleys along said
ore filament a:r:e‘ substantially regularly
spaced. - A
2. The process .defined in claim 1, wherein said one
filament has an average fully drawn denier less than 6.
3 The process dei‘ined in claim 1, wherein said first
stream is larger than said second stream.
4. The process defined in claim 1, wherein said first
stream has a velocity between 2 and 7 times as fast as said
second stream, .
5e A process for forming a yarn, comprising generating a
bundle comprising a plurality of polyestei filaments having
shrinkage peaks and valleys out of phase from filament to
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filament, af least one of said plurality of filaments being

generated by the steps comprising:

e

b.

Ce

extruding from subs*ba.nigially parallel

spinneret capillaries at least first and

second molten streams of polyester

polymer of fiber-forming molecular

weight, said first stream having a

greater velocity than said second stream

and being spaced laterally from said second stream
a small distance selected such that said first
and second streams unite below said spinneret

into a combined stream having thick and
thin regions;

attenvating and quenching said combined
Sfream into said one filament; and .
withdrawing said one filament from said

combined stream at a given spinning speed,

said spinming speed and the velocities and
lateral spacing upon extrusion of said first

and second streams being selected such that

said one filament has per 5 meters along its
length an average of at least two regions
possessing shrinkage peaks having at least

two consecutive 5 cm shrinkages above 40%,

and regions possessing shrinkage valleys
between said peaks, said valleys having at -
least two consecutive 5 cm shrinkages below -
20%.

6. ~ The process defined in claim 5, wherein said one

filament has an average fully drawn denier less than 6.

Te The process defined in claim 5, wherein said first

stream is larger than said second streanm.

8. The process defined in claim 5, wherein said firs?t

stream has a velocity between 2 and 7 times as fast as

saild second stream,
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9. A process for forming a yarn, compri‘sing generating
a bundle comprising a plurality of polyester filaments
having shrinkage peaks and valleys out of phase
from filament to filament, at least one of said plurality
of filaments being genera.ted by the sfeps‘ comprisings '
a. extruding i‘roni substantially parallel :
' spirmeret capillaries at least first and
second molten ,sub-s‘brerams of polyester
polymer of fiber-forming inqiécuiar. 7
weight, said fii-st, s'ub-stré:am' having a
gréater velocity than seid second sub-
stream and being spaced 1atera11y from -
said second sub-stream a small distance
rselected such that sa:.c‘[ first and second
sub-streams um.te below said spimmeret
mto a combined stream hav:mg thick and
thin reglons, '
b. attenvating and quenchlng sa::_d combined
stream into said one filament; and
C. w:n.thd:caw:.ng said one filament from said
combined stream at a given spinning
speed, said spimming speed and the
velocities and lateral spécing upon
extrusion of said first and second sub-
streams being selected such that said |
yarn has a crimp~to-shrinkage ratio above
0.25, o '
10. The process d_efined'in claim '9,7 wherein said one
filement has an average fully drawn denier less them 6,

1. The process defined in claim 9, wherein said

first stream is larger than said second stream.
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12.‘ The process defined in claim 9, wherein said
first stream has a velocity between 2 and 7 times as fast
as said second stream,
13%. A process for forming a yarm, comprising generating
a bundle comprising a plurality of polyester filaments
having shrinkage peaks and valleys out of phase from
filament to filament, at least one of said plurality.of
filaments being generated by the steps comprising:

2. extruding from substantially parallel
spinneret capillaries at least first and
second molten streams of polyester polymer
of fiber-forming molecular weight, said
first stream having a greater velocity than
said second stream and being spaced laterally
from said secbnd stream a small distance * .
selected subh that said first and second
streams unite below said spinneret into a
combined stream having thick and thin regions;

b. attenuating and quenching said combined
stream into said one filament; and

C. withdrawing said one filament from said
combined stream at a given spimning speed,
said spinning speed and the velocities and
lateral spacing upon extrusion of said first
and second streams being selected such that
said ya:m has a crimp of at least 2.5%.

14. The process defined in claim 13, wherein said one
filament has an average fully drawn denier less than 6.

15. The process defined in claim 13, wherein said first
stream is larger than said second stream. .

16. The process defined in claim 13, wherein said first
stream has a velocity between 2 and 7 times as fast as said
second stream. ' '

17, The process defined in claim 13, wherein said yarn

has a crimp of at least 5%.
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